ABSTRACT: An experiment was conducted to determine the effects of feeding a moderate level of 2 different fiber sources on energy metabolites; mitochondrial biogenesis in the intestine, liver, and muscle; and the expression of some genes that regulate energy metabolism in intestine, liver, muscle, and adipose tissue. Female pigs (n = 36; BW = 15.0 ± 0.7 kg) were fed diets containing no added fiber, 12.5% sugar beet pulp (SBP), or 12.5% wheat bran (WB) for 24 d. Blood samples were collected on d 7 and 24 for cholesterol, glucose, NEFA, and triglyceride analyses. At completion of the experiment, ileum, colon, subcutaneous adipose, and LM samples were obtained from a subset (n = 6) of pigs fed each diet for analysis of tissue mitochondrial DNA (mtDNA) content and mRNA abundance by quantitative real-time reverse-transcription PCR. Glycogen and triglyceride content of liver and LM were determined, and colon content VFA was also determined. The addition of SBP or WB to the diet had no effect (P > 0.55) on ADG, ADFI, or G:F. Serum NEFA and triglycerides were increased (P < 0.05) in pigs fed SBP compared with pigs fed the control diet or WB on d 7, and NEFA remained increased (P < 0.05) on d 24 in pigs fed SBP. Dietary fiber had no effect (P > 0.24) on glycogen and triglyceride content of liver or LM, but colonic acetate concentrations were increased (P < 0.05) in pigs fed either SBP or WB. Pigs fed WB had an increased (P < 0.05) mtDNA content in ileum tissue and increased (P < 0.05) citrate synthase mRNA in colon tissue. In the liver, feeding either SBP or WB led to a decrease (P < 0.05) in mtDNA content, whereas feeding WB decreased (P < 0.05) mtDNA abundance in the LM, and feeding either SBP or WB decreased (P < 0.05) expression of citrate synthase mRNA. Quantitative reverse-transcription PCR revealed that feeding WB increased (P < 0.05) proliferating cell nuclear antigen mRNA abundance in the ileum and colon. Feeding WB increased (P < 0.05) mRNA abundance of a regulator of mitochondrial biogenesis, PPAR coactivator 1 α, in ileum tissue, and increased (P < 0.05) mRNA abundance of another mediator of mitochondrial biogensis, sirtuin 1, in colon tissue. Colonic mRNA expression of fasting-induced adipose factor was increased (P < 0.05) in pigs fed either SBP or WB, and adipose triglyceride lipase mRNA abundance was increased (P < 0.05) in adipose tissue of pigs fed SBP. These data indicate that increasing dietary fiber can increase the capacity of the intestine for oxidative metabolism and induce a repartitioning of energy metabolites depending on fiber source.
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INTRODUCTION
Physiological changes that occur with dietary fiber may lead to alterations in intestinal and whole body energy utilization. Increasing dietary fiber content decreases small intestinal and total tract absorption of dietary lipid (Graham et al., 1986; Wilfart et al., 2007) and energy (Owusu-Asiedu et al., 2006; Wilfart et al., 2007) . Dietary fiber increases intestinal mass (Pond et al., 1988; Anugwa et al., 1989) , enterocyte and colonocyte proliferation (Jin et al., 1994) , intestinal protein synthesis (Piel et al., 2005; Hedemann et al., 2006) , and mucin production (Hedemann et al., 2009) . These changes in the intestine coupled with decreased dietary energy absorption likely lead to an increased energy demand by the intestinal tract and a repartitioning of endogenous stores of glycogen or lipid when dietary fiber is increased. Increasing dietary fiber increases oxy-gen consumption by portal drained viscera (Yen et al., 2004) , indicating an increased capacity for oxidative metabolism by the intestine. Altering energy metabolism through caloric restriction (Nisoli et al., 2005) is associated with increased mitochondrial biogenesis in the liver, whereas increasing plasma NEFA pharmacologically (Garcia-Roves et al., 2007) or feeding a high fat diet (Hancock et al., 2008) increases mitochondrial biogenesis in skeletal muscle. Whether metabolic alterations associated with dietary fiber include changes in mitochondrial biogenesis in the intestine, liver, or skeletal muscle remains unknown. Also, it is unknown if fiber sources that differ in their ability to affect dietary energy utilization affect mitochondrial biogenesis and partitioning of endogenous energy stores in a different fashion. Therefore, the effect of feeding pigs 2 different fiber sources, either sugar beet pulp (SBP) or wheat bran (WB), on circulating and tissue energy metabolites, mitochondrial biogenesis, and the expression of some genes that regulate energy metabolism was evaluated.
MATERIALS AND METHODS
All animal care and handling procedures used in this study were reviewed and approved by the Iowa State University Animal Care and Use Committee.
Animals, Experimental Design, and Sample Collection
To determine the effects of 2 dietary fiber sources on markers of energy metabolism and mitochondrial biogenesis, crossbred female pigs (n = 36; C22 × 337, Pig Improvement Company, Franklin, KY; initially, 15.0 ± 0.7 kg) were randomly assigned to a control diet, a diet containing 12.5% SBP, or a diet containing 12.5% WB. These 2 fiber sources were chosen due to differences in the type of fiber that is contained in each ingredient. Sugar beet pulp contains relatively little lignin (1 to 2%), but greater amounts of cellulose (30%), hemicellulose (21%), and pectin (approximately 28%; Coughlan et al., 1985) , whereas fiber in WB is largely made up of hemicellulose (36%) and contains more lignin (4%) than SBP. The differential effects of these fiber sources on dietary lipid and nutrient absorption in growing female pigs have been previously characterized (Graham et al., 1986) . Diets (Table 1) were formulated to be isocaloric on an ME basis and isonitrogenous, and met or exceeded NRC (1998) recommendations for growing swine. Pigs were reared at a density of 3 pigs per pen within partially slatted-floor pens in a completely enclosed facility, and there were 4 pens per dietary treatment. All pigs were allowed ad libitum access to feed and water, and BW and feed intake were measured on d 7 and 24 of the 24-d experiment. Nonfasting blood samples were collected from each of the pigs between 0700 and 0830 h on d 7 and 24. Blood (10 mL) was collected from the jugular vein into Vacutainers containing no anticoagulant (Becton Dickinson, Franklin Lakes, NJ), centrifuged at 900 × g for 30 min at 4°C, and the resulting serum was stored at −80°C until analyzed for energy metabolites. At the completion of the growth study, d 24, a random subset of pigs (n = 6 pigs/treatment) was euthanized by penetrating captive bolt for tissue sample collection. Samples of ileum, colon, liver, LM, and subcutaneous adipose tissue were immediately excised, rinsed with ice-cold PBS, and snap frozen in liquid nitrogen. Tissue samples from the ileum were collected from 15 cm cranial to the ileal-cecal junction, and a sample of colon tissue and colon contents were taken from a location 15 cm distal to the cecum. Colon content samples were immediately placed on ice until transported to the laboratory and stored at −20°C until analyzed for VFA. Snap-frozen tissue samples were stored at −80°C until they were analyzed for mitochondrial DNA (mtDNA) content and mRNA expression. The glycogen and triglyceride content of liver and LM tissue was also determined on tissue samples stored at −80°C.
Serum Energy Metabolites and Colonic VFA
Serum glucose concentrations were determined using an enzymatic kit (GAHK20, Sigma, St. Louis, MO) based on hexokinase activity. Serum cholesterol and triglycerides were quantified using enzymatic kits (C7510 and T7531, respectively, Pointe Scientific, Canton, MI). The cholesterol assay is based on the use of cholesterol esterase and cholesterol oxidase to convert cholesterol esters to cholesterol-3-one and H 2 O 2 . A peroxidase enzyme is then used to derive a red color product that can be read at 500 nm. Triglycerides were measured by using a lipase to convert the triglycerides to glycerol and FFA. Glycerol kinase and glycerophosphate oxidase were then used to derive H 2 O 2 . Peroxidase enzyme was then used to derive a red color product that was measured at 540 nm. The intra-and interassay CV for the cholesterol assay were 0.8 and 1.1%, respectively, and the intra-and interassay CV for the triglyceride assay were 1.0 and 2.9%, respectively. Serum concentrations of NEFA were measured using a commercially available kit (NEFA C, Wako Chemicals Inc., Richmond, VA). Intra-and interassay CV for the NEFA assay were 1.4 and 2.7%, respectively.
Colon VFA were determined as described previously (Weber et al., 2010) . In brief, 4 g of the mixed colon contents were placed into 15-mL polypropylene centrifuge tubes and centrifuged at 21,000 × g for 23 min at 4°C to remove sample debris. The supernatant was placed into a new tube, and o-phosphoric acid was added to obtain a pH of 2.0 to 2.5. Then 1 mL of sample was added to a gas chromatography (GC) vial (20 mL GC headspace vial with a septum cap, Agilent Technologies, Wilmington, DE) along with 0.3 g of NaCl. A solid phase microextraction (SPME) fiber holder for manual injection and fused silica fiber (coated with 70 m Carbowax/Divinylbenzene, Supelco, Bellefonte, PA) was conditioned for 30 min at 300°C in a helium atmosphere in the injection port of the GC before use. The sample was magnetically stirred at 70°C for 15 min on a MPS2 multipurpose sampler (Gerstel Inc., Linthicum, MD). Sampling was then performed by exposing the SPME fiber to the headspace of the vial for 5 min. The fiber was then retracted into the syringe and quickly transferred to the GC inlet liner in the injection port. The fiber was manually pushed out of the syringe at 230°C for 300 s to allow the extracted analytes to be thermally desorbed from the fiber as the GC temperature program was initiated. Samples were then analyzed on a GC unit equipped with a flame ionization detector and HP-FFAP column (30 m × 0.25 mm × 0.25 µm; Agilent 7890A, Agilent Technologies).
Hepatic and LM Glycogen and Triglyceride Content
Hepatic and LM glycogen content was determined using previously described methods (Benevenga et al., 1989) with slight modifications (Weber et al., 2010) . Frozen liver or LM tissue was powdered with a mortar and pestle, and 0.5 g of the powdered sample was homogenized in 5 mL of ice-cold 0.15 N perchloric acid. The homogenate was centrifuged at 800 × g for 20 min at 4°C, and the supernatant was diluted 1:6 with icecold sterile water. The release of glucose from glycogen was determined by adding 25 µL of the diluted homogenate to 230 µL of an acetate buffer (0.2 M; pH 5.0) containing 78.3 units/mL of amyloglucosidase (Sigma) and incubating the mixture for 1 h at 38°C. The glucose liberated from glycogen was determined using a hexokinase-based glucose assay kit (GAHK20, Sigma). The tissue glycogen content was corrected for free glucose by incubating the tissue homogenate sample at the same conditions but without amyloglucosidase.
Analysis of liver and LM triglyceride content was performed by tissue saponification in ethanolic potassium hydroxide (Salmon and Flatt, 1985; Norris et al., 2003) . Briefly, powdered LM and liver tissue (0.1 to 0.3 g) was digested by incubation overnight in 350 µL of ethanolic potassium hydroxide [2 parts ethanol:1 part 30% (wt/vol) potassium hydroxide] at 55°C. After the overnight incubation, the volume of the digested tissue mixture was adjusted to 1 mL with 50% ethanol and centrifuged for 5 min at 10,000 × g at room temperature. The resulting supernatant was diluted to 1.2 mL with 50% ethanol and vortexed. A portion (200 µL) of the diluted supernatant was combined with 215 µL of 1 M magnesium chloride and placed on ice for 10 min and then centrifuged at 10,000 × g for 5 min at room temperature. The supernatant was analyzed for glycerol content using the enzymatic triglyceride kit from Pointe Scientific Inc. (T7531, Lincoln Park, MI) and for triglycerides using the previously described procedure for serum triglyceride analysis.
Tissue mtDNA Determination
As an indicator of tissue mitochondrial biogenesis, the relative quantity of cytochrome C oxidase I and II (COXI and COXII) mtDNA in ileum, colon, liver, and LM tissue was determined by quantitative realtime PCR. The quantity of COXI and COXII mtDNA was normalized to the nuclear target gene, factor VIII. Total DNA was extracted from the tissue samples using a kit (DNeasy Blood and Tissue Kit, Qiagen, Germantown, MD), and residual RNA was removed by treating the samples with RNase A (Sigma). Real-time PCR detection of the mtDNA was conducted utilizing the SYBR Green assay, and primers used for real-time PCR are presented in Table 2 . Amplification was carried out in a total volume of 25 µL (containing 1× iQ SYBR Green Supermix, BioRad Laboratories, Hercules, CA), forward and reverse primers (0.1 µg/µL), and 100 ng of the total DNA. After an initial 5 min denaturation step at 95°C, the reactions were cycled 40 times under the following conditions: 95°C for 30 s, 60°C for 30s, and 72°C for 30 s. Optical detection was carried out at 72°C. At the end of the PCR, melt curve analysis was conducted to validate the specificity of the primers. Thermal cycling conditions and real-time detection were conducted using an iQ5 multi-color realtime PCR detection system (Bio-Rad Laboratories). A nontemplate control was included in every assay, and all determinations were performed in duplicate. External cDNA standards were constructed by cloning the corresponding PCR product into a pCR 4-TOPO vector (Invitrogen, Carlsbad, CA), and the resultant plasmids were sequenced at the Iowa State University DNA facility for verification. The abundance of each gene product was calculated by regressing against the standard curve generated in the same reaction with their respective plasmids.
RNA Isolation and Real-Time ReverseTranscription PCR
Total RNA was isolated from intestinal tissue, liver, and LM samples using a reagent (Trizol, Invitrogen Inc.) according to the manufacturer's protocol, and the RNA pellets were resuspended in nuclease-free water. To eliminate any genomic DNA contamination, the RNA samples were treated with a kit (DNase I Kit, DNA-free, Ambion Inc., Austin, TX) per the manufacturer's instructions. Total RNA was quantified by measuring the absorbance at 260 nm using a spectrophotometer (ND-100, NanoDrop Technologies, Rockland, DE), and the purity was assessed by determining the ratio of the absorbance at 260 and 280 nm (NanoDrop). All samples had 260/280 nm ratios above 1.8. Additionally, the integrity of the RNA preparations was verified by visualization of the 18S and 28S ribosomal bands stained with ethidium bromide after electrophoresis on 1.2% agarose gels (E-gel, Invitrogen Inc.). A good preparation was indicated by the presence of 28S and 18S bands that were not smeared, and by the 28S band stained with a greater intensity than the 18S band. Total RNA (1 µg) was reverse transcribed using a commercially available cDNA synthesis kit (iScript, BioRad). The iScript kit used a blend of oligo (dT) and random hexamer primers for cDNA synthesis, and the reverse transcriptase was RNase H + to ensure removal of the RNA template.
Real-time PCR detection of the mRNA that regulate energy metabolism was conducted as described for mtDNA determination, and the primers are presented in Table 2 . Amplification was carried out in a total volume of 25 µL containing 1× iQ SYBR Green Supermix (BioRad), forward and reverse primers (0.1 µg/µL), and 1 µL of the 20-µL cDNA reaction. After an initial 5-min denaturation step at 95°C, the reactions were cycled 40 times under the following conditions: 95°C for 30 s, 60°C for 30 s, and 72°C for 30 s. Optical detection was carried out at 72°C. At the end of the PCR, melt curve analysis was conducted to validate the specificity of the primers. A nontemplate control was run with every assay, and all determinations were performed in duplicate. The presence of a single PCR product of the correct size for each primer set was verified by visualizing the PCR products via electrophoresis on 1% agarose gels stained with ethidium bromide. The PCR products were also sequenced to confirm the identity of each gene. The mRNA abundance values for each sample were normalized to cyclophilin A or β-actin according to the 2 −ΔΔCT method (Livak and Schmittgen, 2001) . The mRNA expression of cyclophilin A was not affected (P > 0.10) in ileum, colon, or liver by dietary fiber treatment. However, cyclophilin A mRNA was different (P < 0.10) between dietary treatment groups in LM tissue. Therefore, the expression of genes of interest in LM was normalized to the expression of β-actin, which did not differ between dietary treatment groups (P > 0.15).
Statistical Analysis
Data were analyzed as a randomized complete block design using the GLM procedure (SAS Inst. Inc., Cary, NC). To determine effects of dietary fiber source on growth performance and feed intake (n = 4 pens/treatment group) and serum metabolites (n = 12 pigs/treatment group), the data were analyzed by single-factor ANOVA using the GLM procedure of SAS. The model included dietary treatment, and the residual mean square error was used as the error term. The pen was the experimental unit for growth performance and feed intake data, and the pig was the experimental unit for serum measurements. The serum energy metabolite data were analyzed as a repeated measures experiment. The data obtained from tissue samples collected from the subset animals slaughtered at the completion of the study were also analyzed as a single factor ANOVA. For these data, the individual pig (n = 6 pigs/treatment group) served as the experimental unit. When ANOVA indicated a significant difference (P < 0.10), the means were separated using the LSD test (P < 0.05). Treatment means were also separated, and statistical trends were discussed, when ANOVA indicated P < 0.15 and when the LSD test indicated P < 0.10.
RESULTS

Growth Performance and Energy Metabolites
The treatment diets contained only moderate amount of fiber and were balanced to be isocaloric on an ME basis; thus, as expected, ADG, ADFI, and G:F were similar among all treatment groups over the course of the experiment (Table 3 ). There were no effects of dietary fiber source on serum concentrations of cholesterol or glucose on d 7 or 24 (Table 4) . However, serum NEFA concentrations in pigs fed SBP were greater (P < 0.05) compared with pigs fed either the control diet or WB on d 7 and pigs fed the control diet on d 24. Serum triglyceride concentrations on d 7 were greater (P < 0.05) in pigs fed SBP than pigs fed control diets or WB, but there was no effect of dietary fiber source on serum triglycerides on d 24. Glycogen and triglyceride concentrations in LM or liver tissue were not affected by dietary fiber source. Colonic concentrations of acetate were greater (P < 0.05) in pigs fed either SBP or WB compared with pigs fed the control diet. Colonic propionate and butyrate concentrations were not affected by the addition of either dietary fiber source.
Tissue mtDNA and mRNA
The abundance of mtDNA in the ileum tissue of pigs, as indicated by an increase (P < 0.05) in COXI DNA, was greater in pigs fed WB than pigs fed the control diet or SBP (Table 5 ). There was a tendency (P < 0.10) for greater citrate synthase (CS) mRNA expression in the ileum of pigs fed WB compared with pigs fed the control diet. Dietary fiber source affected the expression of CS mRNA in colon tissue as CS mRNA expression was greater (P < 0.05) in pigs fed WB than pigs fed no added fiber source. Abundance of COXII mtDNA was decreased (P < 0.05) in the liver of pigs fed either SBP or WB when compared with pigs fed the control diet. There was a trend (P < 0.10) for decreased COXI mtDNA content in the liver of pigs fed WB compared with pigs fed no added fiber source. Liver expression of CS mRNA was not altered by either dietary fiber source. The addition of WB to the diet decreased (P < 0.05) the quantity of both COXI and COXII mtDNA in LM. Adding either SBP or WB as a source of dietary fiber decreased (P < 0.05) the expression of CS mRNA in LM.
As an indicator of cell proliferation, abundance of proliferating cell nuclear antigen (PCNA) mRNA was measured in ileum and colon tissue, and the addition of WB to the diet increased (P < 0.05) PCNA mRNA expression in ileal tissue and tended (P < 0.10) to increase PCNA mRNA expression in colon tissue compared with the control (Table 6 ). Peroxisome proliferator-activated receptor coactivator 1α (PGC-1α) mRNA expression was increased (P < 0.05) in ileal tissue relative to pigs fed the control diet or SBP, and PGC-1α mRNA tended (P < 0.10) to be greater in pigs fed WB than pigs Means within each row with different superscript letters are different (P < 0.05). 1 Growing female pigs were fed control corn soybean meal diets, diets containing 12.5% beet pulp, or 12.5% wheat bran. Blood samples for serum analysis were collected on d 7 and 24 of the experiment. Colon contents were collected on d 24. Data represent 12 pigs per dietary treatment for serum measures and 6 pigs per treatment for colon VFA and tissue glycogen and triglycerides.
fed the control diet. Liver or LM expression of PGC-1α was not affected by dietary fiber treatment. The expression of sirtuin 1 (Sirt1) mRNA was greater (P < 0.05) in colon tissue from pigs fed WB than pigs fed the control diet, but Sirt1 mRNA was not affected by dietary fiber source in ileum, liver, LM, or adipose tissue. Colon tissue expression of fasting-induced adipose factor (FIAF) mRNA was greater (P < 0.05) in pigs fed either SBP or WB when compared with pigs fed the control diet. The expression of FIAF mRNA was not affected by dietary fiber addition in ileum, liver, LM, or adipose tissue. The mRNA expression of endothelial nitric oxide synthase (eNOS), a regulator of mitochondrial biogenesis, was not altered in ileum, colon, liver, or LM tissues by addition of a dietary fiber source. Peroxisome proliferator activated receptor-δ mRNA expression in LM tissue was not different between pigs fed the different fiber sources. Adipose triglyceride lipase (ATGL) mRNA expression in adipose tissue was greater (P < 0.05) in pigs fed WBP than pigs fed the control diet, but ATGL mRNA did not differ in LM tissue between dietary treatment groups. The mRNA expression of hormone-sensitive lipase (HSL) or lipoprotein lipase was not altered by dietary fiber addition in adipose tissue or LM.
DISCUSSION
Although the moderate amount of fiber added to the diet had no impact on ADG, ADFI, or G:F, it was observed that each fiber source differentially altered serum energy metabolites, tissue mtDNA content, and the expression of genes involved in energy metabolism. In the ileum and colon of pigs fed wheat bran, at least 1 indicator of mitochondrial biogenesis, mtDNA, or CS mRNA expression was increased or tended to be increased. Both PGC1α and Sirt1 are positive regulators of mitochondrial biogenesis (Coppari et al., 2009 ), so it is interesting that the abundance of both of these gene transcripts seemed to be upregulated after feeding WB. This upregulation of PGC1α and Sirt1 may serve as a coordinated response to increase mitochondrial biogenesis to provide more energy for cellular processes such as cell proliferation in the intestine of pigs fed wheat bran. Indeed, feeding wheat bran increased PCNA mRNA abundance in both the ileum and colon. Abundance of PCNA mRNA has previously been used as an indicator of cellular proliferation within the porcine intestine (Willing and Van Kessel, 2007) . Previous work with a wheat-based, insoluble fiber, wheat straw indicated an increase in both enterocyte and colonocyte proliferation (Jin et al., 1994) . Therefore, it seems as if feeding largely insoluble sources of fiber to pigs increases metabolic energy demand, in part, by increasing cellular proliferation.
The biological relevance of increased intestinal mt-DNA content in pigs fed WB remains largely unknown, but, as discussed before, may serve to increase oxidative metabolism within intestinal tissue. Work by Yen et al. (2004) demonstrated that feeding increased fiber in the form of alfalfa meal increases oxygen utilization by the portal-drained organs. Mechanistically, it has been suggested that increased mitochondrial protein synthesis in the intestine is due to increased VFA production Means within each row with different superscript letters are different (P < 0.05).
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1
Growing female pigs were fed control corn soybean meal diets, diets containing 12.5% beet pulp, or 12.5% wheat bran. Tissue samples for real-time PCR analysis were collected on d 24 of the experiment. Data represent 6 pigs per dietary treatment. The abundance of the mtDNA is normalized to the abundance of factor VIII DNA a gene found on genomic DNA.
by indigenous bacteria within the intestine (Rodenburg et al., 2008) . However, in the present study, only WB increased mtDNA or CS mRNA in intestinal tissue, yet each fiber source increased colonic VFA as indicated by increased colonic acetate. This indicates that perhaps other factors, in addition to increased VFA production, may be responsible for the increased intestinal mitochondrial protein and DNA observed with feeding certain fiber sources. Also, previous work conducted in our laboratory (Weber et al., 2010) found that feeding corn germ meal, a fiber source high in hemicellulose, increased the expression of mitochondrial proteins with no concurrent increase in VFA.
The expression of several genes that regulate mitochondrial biogenesis was analyzed in muscle and liver, but unlike what was observed in the intestine, there were no alterations in PGC-1α or Sirt1 in liver or LM that coincided with alterations in mtDNA or CS mRNA in liver or LM. The mRNA abundance for other regulators of mitochondrial biogenesis, eNOS in liver and LM and PPARδ in LM, was measured, but no differences between dietary treatments were found. This is interesting because caloric restriction, which increases mitochondrial biogenesis in several tissues in rodents, is dependent on the increased expression of eNOS (Nisoli et al., 2005) . Likewise, increased PPARδ signaling increases oxidative metabolism in skeletal muscle, in part, through regulating the expression of PGC-1α (Schuler et al., 2006) . The lack of a dietary effect on mRNA that regulate mitochondrial biogenesis in liver or LM could be due to the fact that samples were collected at only 1 time and changes in mRNA were missed or that other Means within each tissue with different superscript letters are different (P < 0.05).
x,y Means within each row with different superscript letters tend to be different (P < 0.10).
Growing female pigs were fed control corn-soybean meal diets, diets containing 12.5% beet pulp, or 12.5% wheat bran. Tissue samples for real-time reverse-transcription PCR analysis were collected on d 24 of the experiment. Data represent 6 pigs per dietary treatment. The mRNA abundance in ileum, colon, liver, and white adipose tissue is normalized to the mRNA expression of β-actin, and the mRNA in LM is normalized to cyclophilin A. 2 ATGL = adipose triglyceride lipase; CS = citrate synthase; eNOS = endothelial nitric oxide synthase; FIAF = fasting-indiced adipose factor; HSL = hormone sensitive lipase; LPL = lipoprotein lipase; PCNA = proliferating cell nuclear antigen; PGC-1α = PPAR coactivator 1α; and Sirt1 = sirtuin 1. mechanisms are responsible for decreased abundance of mtDNA or CS mRNA in liver or LM.
Despite increases in serum NEFA in pigs fed SBP, there was no observed increase for indicators of mitochondrial biogenesis in LM. Likewise, feeding either fiber source led to a decrease in CS mRNA in the LM. This is interesting because previous studies in mice have found that acutely increasing circulating NEFA is associated with increased mitochondrial biogenesis in skeletal muscle (Garcia-Roves et al., 2007) . The differences could be due to overall dietary energy status, the nature of increased NEFA (acute vs. chronic), or inherent species differences. Also, mtDNA may have been increased in other muscles, which were not sampled.
The increased expression of FIAF in the colon of pigs fed either SBP or WB may indicate a mechanism for energy repartitioning by dietary fiber. One physiological role of FIAF is that it is an inhibitor of lipoprotein lipase activity (Yoshida et al., 2002; Mandard et al., 2006) . The expression of FIAF is regulated by the presence of microflora in the distal small intestine because introduction of a microflora to germ-free mice decreases FIAF expression in the ileum (Bäckhed et al., 2004) . Other studies by Bäckhed et al. (2007) indicated that germ-free, FIAF-knockout mice are not protected against obesity when fed a high-fat diet unlike germ-free, wild-type mice that resist obesity when fed a high-fat diet. This work indicates that FIAF may link the intestine with whole body energy metabolism. The regulation of FIAF expression by dietary fiber seems to be localized to the colon because we observed no difference in FIAF expression in the ileum with the different fiber sources. Whether colon expression of FIAF is regulated by the intestinal microbiota and is associated with whole body lipid utilization as observed for the ileum is unknown. In the present study, we observed an increase in serum triglycerides only on d 7 in pigs fed SBP, but not WB, which indicates a lack of a consistent dietary fiber effect on whole body lipoprotein lipase activity. Likewise, no differences in liver or LM triglyceride concentrations were found between the different dietary fiber sources. It is interesting that both sources of fiber used in the current study increased colonic acetate concentrations. Whether intestinal microbes regulate colon FIAF expression through VFA remains to be determined. Also, whether FIAF is working locally, at the level of the colon, or in distal tissues such as adipose tissue or muscle to inhibit lipoprotein lipase activity is unknown. Our laboratory is currently screening antibodies that cross-react with porcine FIAF to determine circulating concentrations of FIAF, and whether circulating FIAF concentrations are reflective of colon FIAF mRNA expression.
From previous work evaluating the impact of WBP or WB on energy and lipid digestibility in growing pigs (Graham et al., 1986) , it can be inferred that each of these fiber sources differentially altered dietary energy absorption in the present study. In general, dietary fiber decreases intestinal lipid absorption (Wilfart et al., 2007) , and Graham et al. (1986) observed that dietary SBP decreased small intestinal lipid absorption to a greater extent than WB. Decreased lipid absorption with SBP compared with WB may be attributed to the soluble fiber contained in SBP (Coughlan et al., 1985) . Similar findings in terms of lipid digestibility have been observed in other studies comparing soluble and insoluble fiber sources. Lipid excretion is increased in pigs fed oats when compared with pigs fed wheat fiber reflecting the greater abundance of soluble fiber in oats (Bach Knudsen and Hansen, 1991) . Differences in dietary lipid absorption is perhaps reflected in the differences observed for plasma NEFA and triglycerides in pigs fed SBP vs. WB in the present study because of a greater need for greater fatty acid mobilization from adipose tissue due to decreased absorption of dietary lipids in pigs fed SBP.
The increased expression of ATGL in adipose tissue along with increased serum NEFA indicates that fatty acids are being mobilized from adipose tissue when SBP is added to the diet. As reviewed recently by Bach Knudsen (2011), evidence is emerging that increasing dietary fiber content can decrease carcass lipid content. Perhaps increased ATGL activity is responsible for increased NEFA mobilization with certain dietary fiber types. Because hormone-sensitive lipase was unaltered in adipose tissue or LM, one can speculate that increased ATGL activity in adipose tissue is responsible for the increase in circulating NEFA in pigs fed SBP. Adipose tissue expression of ATGL is increased during fasting (Zechner et al., 2009) , which indicates that ATGL is regulated by nutrient status. Porcine ATGL cDNA has been recently cloned, and its expression in adipocytes is directly increased by the Sirt1 activator, resveratrol (Shan et al., 2008) . Although an increase in Sirt1 mRNA was not observed in adipose tissue of pigs fed SBP, an increase in Sirt1 activity is not precluded because the activity level of Sirt1 is regulated by other factors in addition to transcription level (Guarente, 2007) . The increase in ATGL mRNA relative to control animals in pigs fed SBP, but not WB may again be due to the differential effects on dietary lipid absorption because of the more soluble nature of SBP fiber (Graham et al., 1986) and subsequent effects on overall nutrient status.
In summary, it was observed that WB likely increases the capacity of the intestine for oxidative metabolism and that SBP induces a repartitioning of body lipid stores via mobilization of NEFA. These results support the notion that increasing dietary fiber can increase the capacity of the intestine for oxidative metabolism and induce a repartitioning of energy metabolites depending on fiber source. Each fiber source differentially regulated some genes involved in energy metabolism, which may indicate mechanisms by which dietary fiber can affect nutrient utilization. Understanding the metabolic alterations that occur with increased dietary fiber and the pathways involved will lead to the optimization of dietary regimens involving the usage of fibrous feedstuffs.
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